Introduction {#sec1}
============

Approximately two billion people worldwide are infected by hepatitis B virus (HBV), and more than 240 million of them have developed chronic hepatitis B (CHB), which causes death in approximately one million patients every year \[[@cit0001], [@cit0002]\]. Interferon and nucleoside analogues are the standard treatment methods, but these strategies have limited efficacy and severe side effects \[[@cit0003]\]. Therefore, natural drugs with high therapeutic efficacy and minimal side effects must be developed.

Reduced glutathione (GSH), the most abundant non-enzymatic antioxidant present in mammalian cells, is the main intracellular defence mechanism against oxidative stress \[[@cit0004]\]. During inflammatory processes, the cells of the immune system are exposed to large amounts of free radicals and toxic compounds; hence, these cells need an efficient glutathione system to scavenge the free radicals and toxic compounds that can otherwise disturb immune functions \[[@cit0005], [@cit0006]\]. Moreover, glutathione reduces the activation of nuclear factor κB (NF-κB) and inhibits the synthesis of interleukin 6 (IL-6), IL-8, and tumor necrosis factor α (TNF-α) \[[@cit0007]\]. Glutathione plays an important role in the repair of liver injury caused by virus, alcohol, drugs, and trauma \[[@cit0008]--[@cit0013]\]. However, data regarding the treatment effect of GSH on CHB are limited.

The present study investigated the treatment effect of GSH on CHB for the first time. Serum levels of asparaginic acid transaminase (AST), alanine aminotransferase (ALT), total bilirubin (TBil), total bile acids (TBA), haluronic acid (HA), collagen IV (C-IV), laminin (LN), transforming growth factor-β~1~ (TGF-β~1~), TNF-α, IL-6, and IL-8 were all monitored.

Material and methods {#sec2}
====================

Ethics statement {#sec2.1}
----------------

This study was approved by the Ethics Committee of The Second People's Hospital in Lianyungang, China. The participants provided verbal informed consent to participate in this study, and each consent was recorded in an electronic spreadsheet.

Clinical data {#sec2.2}
-------------

The CHB patients (104 cases) who participated in the experiments were selected from January 2014 to December 2014. The participants presented varying degrees of CHB, either hepatitis B eAntigen (HBeAg)-positive or -negative, without advanced liver disease.

The inclusion criteria for the patients in this study were: (1) HBV DNA of ≥ 20,000 IU/ml if HBeAg-positive and ≥ 2000 IU/ml if HBeAg-negative, (2) alanine aminotransferase (ALT) of \> 54 and ≤ 400 U/l for men and \> 36 and ≤ 300 U/l for women, and (3) creatinine clearance rates of ≥ 70 ml/min, as calculated using the Cock-croft-Gault equation \[[@cit0001]\].

Exclusion criteria {#sec2.3}
------------------

Any patient with one of the following conditions was excluded from participating in this study: (1) bridging fibrosis or cirrhosis as confirmed by liver biopsy or Fibroscan (P8 kPa) within 12 months prior to screening, (2) history of clinical hepatic decompensation, (3) evidence of hepatocellular carcinoma, (4) significant renal, autoimmune, or bone disease, (5) thyroid dysfunction, and (6) co-infection with HIV, HCV, or hepatitis D virus.

Study design {#sec2.4}
------------

A total of 104 CHB patients were randomly divided into two groups by using the stratified block randomisation method: the control group, which received an intravenous drip of 0.4 g of inosine injection with 250 ml of 5% glucose once a day for eight weeks, and the treatment group, which received an intravenous drip of 1200 mg of glutathione on the basis of the treatment of the control group.

Data collection {#sec2.5}
---------------

Data regarding patient demographics (sex, age at baseline, height, weight, and race), date of first dose, laboratory values for ALT and AST, and HBV virology, such as hepatitis B surface antigen (HBsAg) level, hepatitis B surface antibody (anti-HBs), HBV DNA level, HBV genotype, and HBeAg status were all collected at baseline. Liver function indexes were detected using a multifunctional automatic biochemical analyser. Levels of HA, C-IV, and LN were detected using a radio immunoassay kit purchased from the Shanghai Naval Medical Research Institute. Moreover, levels of TGF-β~1~, IL-6, IL-8, and TNF-α were determined using the method of Kria, Ohira and Amemiya \[[@cit0014]\].

Statistical analysis {#sec2.6}
--------------------

All data were presented as mean ± SD. Statistical analysis was performed using Statgraphics Centurion XV Version 15.1.02. Multi-factor ANOVA with posterior multiple range tests was used to determine significant differences between the two groups.

Results {#sec3}
=======

Between January and December 2014, 194 patients were screened and 104 were selected for treatment at The Second People's Hospital in Lianyungang. The baseline characteristics of the 104 CHB patients are shown in [Table 1](#t0001){ref-type="table"}. There were no significant differences in the data between the control and treatment groups (*p* \> 0.05).

###### 

Baseline characteristics of the 104 study patients

  Characteristic                                Control group (*n* = 52)   Treatment group (*n* = 52)
  --------------------------------------------- -------------------------- ----------------------------
  Age (years)                                   43.2 (25-67)               43.5 (26-68)
  Sex (male/female)                             36/16                      35/17
  AST, IU/l^[a](#tf1-1){ref-type="table-fn"}^   61.4 (71.2)                61.2 (72.8)
  ALT, IU/l^[b](#tf1-2){ref-type="table-fn"}^   69.2 (166.2)               69.6 (171.4)
  HBV DNA, log~10~ IU/ml                        4.09 (1.29)                4.07 (1.26)
  HBeAg positive                                44 (84.6%)                 43 (82.7%)

Values are expressed as median (range) or mean (SD)

AST -- aspartate aminotransferase; ALT -- alanine aminotransferase; HBV -- hepatitis B virus; HBeAg -- hepatitis Be antigen.

AST upper limit of normal was defined as 40 IU/l

ALT upper limit of normal was defined as 40 IU/l

GSH treatment significantly improved liver function as indicated by the decreases in ALT, AST, TBil, and TBA levels (*p* \< 0.05, [Table 2](#t0002){ref-type="table"}), as well as reduction in hepatic fibrosis indicated by the decreases in HA, C-IV, LN, and TGF-β~1~ levels (*p* \< 0.05, [Table 3](#t0003){ref-type="table"}), and decreased serum cytokine levels including TNF-α, IL-6, and IL-8 levels (*p* \< 0.05, [Table 4](#t0004){ref-type="table"}).

###### 

The changes in liver function indexes including alanine aminotransferase (ALT), asparaginic acid transaminase (AST), and total bilirubin (TBil) and total bile acids (TBA) of chronic hepatitis B after treatment

  ---------------------------------------------------------------------------------------------
  Group             ALT (U/l)          AST (U/l)          TBil (μmol/l)      TBA (μmol/l)
  ----------------- ------------------ ------------------ ------------------ ------------------
  Control group\    47.3 (95.04)^a^\   46.1 (49.72)^a^\   58.2 (22.34)^a^\   44.7 (12.09)^a^\
  Treatment group   34.8 (92.35)^b^    39.4 (42.06)^b^    46.1 (13.82)^b^    35.8 (11.73)^b^

  ---------------------------------------------------------------------------------------------

Values are expressed as mean (SD). Means with different superscript letters within a row indicate significant differ

###### 

The changes in serum liver fibrosis indexes including haluronic acid (HA), collagen IV (C-IV), laminin (LN), and transforming growth factor-β~1~ (TGF-β~1~) of chronic hepatitis B after treatment

  Group             HA (ng/l)          C-IV (ng/l)         LN (ng/l)          TGF-β1 (ng/l)
  ----------------- ------------------ ------------------- ------------------ ------------------
  Control group     174.9 (38.53)^a^   238.1 (109.82)^a^   142.6 (76.09)^a^   185.7 (78.16)^a^
  Treatment group   91.4 (24.17)^b^    161.2 (72.64)^b^    104.5 (64.86)^b^   132.6 (65.94)^b^

Values are expressed as mean (SD). Means with different superscript letters within a row indicate significant differences (p \< 0.05)

###### 

The changes in serum cytokines including tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-8 (IL-8) levels of chronic hepatitis B after treatment

  Group             TNF-α (μg/l)     IL-6 (pg/ml)      IL-8 (pg/ml)
  ----------------- ---------------- ----------------- ----------------
  Control group     29.3 (5.03)^a^   86.4 (53.79)^a^   39.5 (8.86)^a^
  Treatment group   21.6 (3.94)^b^   59.1 (39.61)^b^   23.7 (6.13)^b^

Values are expressed as mean (SD). Means with different superscript letters within a row indicate significant differences (p \< 0.05)

Discussion {#sec4}
==========

Liver inflammation, cell apoptosis, liver regeneration, and fibrous tissue formation are the main mechanisms of the development of chronic hepatitis to liver cirrhosis, in which cytokines play an important role. *In vivo* studies showed that TGF-β~1~ and TNF-α serve important functions in inflammation, cell apoptosis, regeneration, and fibrosis of the liver. IL-6 and IL-8 are the main inflammatory cytokines *in vivo*. Hepatitis B virus infection can activate the immune system, inducing the synthesis of numerous TNF-α, which can also cause the synthesis of a large number of IL-6 and IL-8, thereby promoting liver inflammation and liver cell damage. The serum levels of AST, ALT, TBil, and TBA in CHB indicate liver function. Therefore, the increased serum levels of AST, ALT, TBil, TBA, HA, C-IV, LN, TGF-β~1~, TNF-α, IL-6, and IL-8 CHB suggest that these parameters can reflect the degrees of liver inflammation and fibrosis.

NF-κB transcription factor family, which plays an important role in cell growth, differentiation, necrosis, and apoptosis, is widely involved in the pathogenesis of liver cell inflammatory reaction in viral hepatitis and thus is the key link of the inflammatory reaction \[[@cit0015], [@cit0016]\].

In normal cells, NF-κB and its inhibitory protein I-κB (IκB) are combined in the cytoplasm. When cells are stimulated by external stimuli, such as viral infections and oxidative stress, IκB is rapidly phosphorylated and degraded by 26S proteasome, and then releases NF-κB, subsequently binding the specific κB sequence and initiating and regulating many gene transcriptions associated with immune inflammatory response \[[@cit0017]\]. Furthermore, NF-κB can induce many types of cytokines (such as IL-6, IL-8, and TNF-α), adhesion molecules \[intercellular cell adhesion molecules-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1)\], and gene expression of the reactive protein in acute phase. Simultaneously, NF-κB plays an important role in the gene expression of various enzymes involved in the amplification and extension of inflammatory responses.

NF-κB can be activated by inflammatory cytokines and thus can regulate the expression level of these inflammatory cytokines, which in turn causes the NF-κB to be in a sustained activation state, induce the release of a large number of cytokines and mediators, and further lead to a cascade of inflammatory reactions \[[@cit0018]\].

GSH is a thiol consisting of glutamic acid, cysteine, and glycine. GSH can hinder the phosphorylation of IκB and subsequently reduce the activation of NF-κB, thereby controlling gene transcription and inhibiting the synthesis of IL-6, IL-8, and TNF-α \[[@cit0007]\]. Simultaneously, GSH can affect the expression of IL-2 receptors, reduce the binding of IL-2 receptors and their effector cells, promote the internalisation and degradation of IL-2, IL-8, and IL-6 in the effector cells, and reduce the activation of the effector cells \[[@cit0019]\]. GSH can decrease NF-κB activation and inhibit the expression of NF-κB-dependent adhesion molecules, such as VCAM-1 and GSH, by improving the level of glutathione in the cells and reducing the following effects on cells: aggregation of particles and monocytes, and adhesion of target cells, to protect these target cells \[[@cit0020]\]. GSH and its precursors can be used as free radical scavengers, which can reduce the TNF-α-mediated oxidative damage to cells, decrease the damage of endothelial cell permeability, and also activate IL-lβ invertase-like apoptosis protease by inhibiting TNF-α, thereby reducing the damage to the cell protein \[[@cit0021]\]. This clinical study shows that the serum levels of ALT, AST, TBil, TBA, HA, C-IV, LN, TGF-β~1~, TNF-α, IL-6, and IL-8 in CHB patients are significantly higher than those in healthy people.

Treatment with GSH can rapidly improve the ability of anti-oxidative stress and repair the membrane structure of liver cells, which is beneficial to the recovery of liver function in a short period of time, probably because the decreased GSH levels in CHB patients obtain an exogenous supplement. Thus, the metabolic disorder in liver cells adjusted timely. Furthermore, GSH can inhibit the synthesis of cytokines, reduce aggregation of the activated effector cells, prevent the activation of effector cells, and decrease the cytokine-induced damage to target cells with a promotion effect of cytokines on liver cell inflammation.

In conclusion, glutathione treatment decreased the serum levels of ALT, AST, TBil, TBA, HA, C-IV, LN, TGF-β~1~, TNF-α, IL-6, and IL-8 in CHB patients. Overall, the results indicate that GSH is a promising drug for CBH treatment. However, how long the productive effect of GSH will last remains undetermined in this study and should be investigated in the future.
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